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ABSTRACT 
Enhanced management of hunting/fishing activities could be attained by understanding factors 
influencing license sales. Previous studies suggest socioeconomic status significantly influences 
participation in recreational activities and license sales. However, few of these studies connect 
socioeconomic status and license sales on an aggregated community level or spatial context. 
This study aims to examine the relationship between socioeconomic factors and license sales in 
Cook County, Illinois. An index, aggregating census tract socioeconomic indicators in the dimension 
of economic status, occupation, education, ethnic groups, household and age structure, was created by 
principle component analysis and used to measure the overall socioeconomic context at the census 
tract level. Three components were extracted and an index system with three sub-indices 
(Socioeconomic Status, Household Mobility and Age Index) was created. License sales was measured 
in terms of license holder density by dividing the number of license holders over the population size 
within an individual census tract.  
Spatial and statistical analyses were applied to the indices and density of license sales to achieve 
the study objective. Cluster maps of license sales and socioeconomic indices presents the positive 
spatial relationship between the hunting license sales and all the three indices, and between the fishing 
license sales and Household Mobility. There is no clear spatial correlation between the fishing license 
sales and the other two indices.  
Linear regression and multinomial logistic regression were applied to the dataset respectively. 
Compared with linear regression, the multinomial logistic regression produced more accurate 
predictions, but there were still spatial factors not included in the model (i.e. the residuals were 
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spatially correlated). Both models predicted that all the three indices positively influenced the hunting 
license sales, and Household Mobility and Age Index positively influenced the fishing license sales as 
well. However, the two models differed in the relationship between the Socioeconomic Status and 
fishing license sales. Linear model predicted a linear negative correlation, whereas the multinomial 
logistic regression predicted a non-monotonic correlation. 
Combining the cluster maps and the regression results helps to detect the possible “hot spots” 
that may require further studies. One of the three indices is likely to prevail over the others, or factors 
other than the indices need to be explored to explain the local license sales in areas of the hot spots. 
Better understanding of the special cases in hot spots is probably cable to guide the local license 
promotion. 
 
  
iv 
 
ACKNOWLEDGMENTS 
I would like to express my sincere gratitude to my adviser, Dr. Craig Miller for all the guidance, 
encouragement and support during the study. I am always inspired after talking with him, and it is 
really enjoyable to work with him. Without his help, this study would not have been possible. I am 
also deeply grateful to Dr. Brian Anderson. He introduced me to my adviser and always supported this 
project. I would greatly thank my committee members, Dr. Bethany Cutts and Dr. Cary McDonald as 
well, who were always gracious and generous to offer help and suggestions. Special thanks will be 
given to my parents and friends, who spiritually supported my work all along the way. 
  
v 
 
 TABLE OF CONTENTS  
 
Chapter 1 Introduction .......................................................................................................... 1 
Chapter 2 Review of Literature ............................................................................................. 5 
Socioeconomic Status and Recreation Activities ............................................................. 5 
Measuring Socioeconomic Status ................................................................................... 5 
Socioeconomic Status and Participation in Hunting and Fishing .................................... 9 
Conclusion ................................................................................................................... 10 
Chapter 3 Methods .............................................................................................................. 11 
Establishing Socioeconomic Index ................................................................................ 11 
Calculating and Mapping the Density of License Sales ................................................. 12 
Establishing Regression Model ..................................................................................... 12 
Chapter 4 Results ................................................................................................................ 14 
PCA Results and Socioeconomic Indices ...................................................................... 14 
Comparing Socioeconomic Status and Density of License Sales Spatially ..................... 15 
Quantitative Relationship between Socioeconomic Status and License Sales ................ 22 
Hot Spots Detection in Clusters .................................................................................... 29 
Chapter 5 Discussion........................................................................................................... 32 
Model Comparison ....................................................................................................... 32 
Hot Spots ...................................................................................................................... 33 
Summary............................................................................................................................. 35 
Reference ............................................................................................................................ 36 
 
1 
 
Chapter 1 Introduction 
Hunting and fishing are both traditional recreational activities in the USA. About 14 million 
Americans aged 16 years-old and older hunt and about 36 million of them fish each year. 73% of 
Americans support legal hunting activities and 81% approve that hunting should continue to be legal. 
Even more people support fishing. The corresponding percentage for fishing is 95% and 96% 
respectively. (Bissell, Duda, & Young, 1998; Duda, Bissell, & Young, 1996) Licensing is an effective 
way to manage hunting and fishing activities and generate profits to support fish and wildlife 
management. Enhanced management of hunting and fishing activities could be attained by 
understanding factors influencing license sales. 
Previous studies have suggested that socioeconomic status affect participation in recreational 
activities (including hunting and fishing), as it influences social capital, availability and accessibility 
of recreation resources. As a result, it is reasonable to assume that socioeconomic status will influence 
license sales. There are a few studies that examined connections between socioeconomic status and 
license sales; however, most of the studies were conducted in the scale of individual and few of them 
examined the relationship between license sales and the socioeconomic context in which individual 
socioeconomic indicators are embedded. A study conducted by Floyd and Lee (2002) suggests 
socioeconomic status significantly influences hunting license sales. Considering that hunting and 
fishing participation is also influenced by surrounding context, studies centered on community are 
needed to: 1) reflect on the impact of the socioeconomic environment on license sales; 2) identify 
areas with high potential for license sales; and 3) lay a foundation for increasing license sales. 
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This study is situated in Cook County, Illinois. Cook County lies in the northeast part of Illinois, 
USA, with its county seat in the city of Chicago (Figure 1.1). This highly developed region is selected 
for two reasons. First, the county accounts for over 40.5% of the state’s population. Yet, Cook County 
houses only 5.9% of hunting license holders in Illinois, despite its high potential for license purchases. 
Second, the county is characterized by a heterogeneous socioeconomic profile that allows for 
comparing hunting and fishing activities and license sales across varied socioeconomic contexts 
within the same county. Table 1.1 provides a descriptive statistic summary of the socioeconomic 
variables, which to some extend reflects the heterogeneous socioeconomic profile. 
 
 
Figure 1.1 Location of the Cook County, IL 
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Table 1.1 Descriptive statistic summary of the socioeconomic variables 
Variable Average Maximum Minimum 
Median household income $53,942 $233,409 $10,152 
Poverty rate 13.26% 69.45% 0.27% 
Unemployment rate 9.90% 58.80% 0.40% 
Percentage of Hispanic or American African 47.90% 100.00% 0.10% 
Percentage of single mothers 7.90% 82.80% 0.00% 
Percentage of high school graduate or higher 83.20% 100.00% 25.10% 
Percentage of bachelor’s degree or higher 33.20% 96.00% 0.00% 
Median age 35.1 63.1 14.5 
Old dependency ratio* 18.5% 100.60% 0.00% 
Age dependency ratio* 56.10% 260.80% 5.70% 
Household with no cars 17.12% 84.00% 0.00% 
Household with one cars 40.22% 100.00% 8.00% 
Household with two cars 30.90% 64.90% 0.00% 
Household with three or more cars 11.76% 44.70% 0.00% 
 
(Data source: US Census Bureau 2010 ACS 5-year estimates. *Old Dependency Ratio: the ratio of older 
dependents--people older than 64--to the working-age population--those ages 15-64. *Age Dependency 
Ratio: the ratio of dependents--people older than 64 or younger than 14--to the working-age 
population--those ages 15-64.) 
 
The objective of this study was to examine the relationship between socioeconomic factors and 
license sales in Cook County, Illinois. The study scale was centered on census tracts, which were 
proxies of communities. In this study, socioeconomic context was measured by index aggregating 
census tract socioeconomic indicators (race, education, age, gender, and proportion of single mothers, 
income, unemployment, and poverty rate) using principle component analysis (PCA). License sales 
was measured by the density of license holders, i.e., number of license holders divided by population 
in different census tracts. This study was accomplished through two primary analyses: 1) comparison 
of the spatial pattern of the index and license holder density and 2) establishment of regression model. 
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Generally, it was expected that the index and the license holder density were spatially correlated, and 
the regression model would help to quantitatively measure this relationship. 
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Chapter 2 Review of Literature 
Socioeconomic Status and Recreation Activities 
Socioeconomic status may affect availability and accessibility of recreation resources, especially 
those free to the public. As a result, resources are not evenly distributed among various socioeconomic 
groups. Residents in poorer neighborhood are more likely to have an inaccessible environment which 
limits their recreation activities (Estabrooks, Lee, & Gyurcsik, 2003; Lee, Cubbin, & Winkleby, 2007; 
Moore, Diez Roux, Evenson, McGinn, & Brines, 2008; Powell, Slater, Chaloupka, & Harper, 2006; 
Wilson, Kirtland, Ainsworth, & Addy, 2004). From an economic perspective, people intend to make 
good use of their limited resources (time and money) to maximum their experience. In this case, how 
much to spend on recreation is highly influenced by the socioeconomic status (Cawley, 2004).  
Moreover, social capital (an indicator of socioeconomic status) influences the psychosocial 
condition, which also explains the difference of leisure-time physical activity (Lindström, Hanson, & 
Östergren, 2001). Self-efficacy and social support may lead to the difference of physical activities in 
various groups (Cerin & Leslie, 2008; Ståhl et al., 2001). Socioeconomic status is also closely related 
to neighborhood safety and crime rate. A safer neighborhood with low crime will promote residents to 
take part in more recreational activities (Wilson et al., 2004). Among potential recreation participants, 
certain socioeconomic variables (e.g., income, age or family status) will contribute to barriers to the 
activities (Searle & Jackson, 1985) and may influence participation in recreation activities.  
Measuring Socioeconomic Status 
Socioeconomic status is an important variable in social research. Many researchers have 
proposed indices to classify socioeconomic factors in western society (Table 2.1). 
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Table 2.1 Previous studies on Socioeconomic index 
Index Factors Scale Author 
Preliminary Index 
Social evolution (a craft specialization 
indicator and an organizational 
ramification indicator) and 
Urbanization 
-- Naroll, 1956 
Socioeconomic index 
for occupations 
Education and income -- Duncan, 1961 
US bureau of the census 
socioeconomic index 
Education, occupation and family 
income 
Family 
US Bureau of the 
Census, 1963 
Four Factor Index 
Education, occupation, sex, and 
marital status 
Individual or 
nuclear family 
Hollingshead, 1975 
PQLI 
Infant mortality, life expectancy, and 
literacy 
Country ODC,1977 
Factor Analysis 21 variables Country 
Abizadeh & 
Basilevsky, 1986 
Multi-dimensional 
index 
Education, political power, income, 
housing conditions, occupation, status 
and system of beliefs etc. 
-- 
Osborn & Morris, 
1979 
NS-SEC 
Occupation, employment status and 
the size of the establishment in which 
the person works 
Individual or 
nuclear family 
ESRC, 1998 
Principle component 
analysis (PCA) 
Factors in the dimension of financial 
situation, occupation, education, 
ethnic groups, household 
Flexible 
Singh et al., 2002; 
Krefis et al., 2010; 
Meijer et al., 2013; 
Lalloué et al., 2013 
 
Education, occupation and income are widely-used indicators of socioeconomic status (Agarwal, 
2008; Drever, Doran, & Whitehead, 2004). Duncan (1961) provided a socioeconomic index for 
occupational ranking, using education and income as indicators. With the change of occupational 
classification scheme (educational and economic characteristics), Duncan’s work has been revised and 
improved to meet new research needs (Ganzeboom, De Graaf, & Treiman, 1992; Stevens & 
Featherman, 1981). Similarly, another index involving education and occupation (Hollingshead, 1957) 
was used to measure social position. However, because of social and cultural changes, this index 
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rapidly became outdated. A four-factor index was developed in response to criticism of the initial 
index (Hollingshead, 2011), and as a result, education, occupation, sex, and marital status were taken 
into consideration in creating the new index. Different scores were assigned to particular category 
within each factor. Scores for different factors were then combined to get the final score for individual 
or family. Final score were used to quantitatively define social status. The US Bureau of the Census 
(1963) also offered a composite numeric index, combining education, occupation and family income; 
each of the three indicators had a score. Every family would get a composite score based on education, 
occupation and income level. Myrianthopoulos and French (1968) confirmed its universal application. 
Another multi-dimensional approach was developed by Osborn and Morris (1979). They determined 
that occupation could predict many social and economic inequalities, but was not enough to cover all 
individuals in a given society (Osborn & Morris, 1979). Figure 2.1 shows the main variables they 
recommended be taken into consideration. Moreover, this model is very flexible. It can be adapted 
according to specific cases.  
 
 
Figure 2.1 Theoretical perspective for a composite index of social class, (Osborn & Morris, 1979) 
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Other indicators are also important measures of socioeconomic status. Naroll (1956) tried a 
preliminary index to depict social development. Three indicators were involved; two represented 
social evolution (a craft specialization indicator and an organizational ramification indicator), whereas 
the third represented urbanization. Weighted sums of these indicators produced the final score. 
Another index is the Physical Quality of Life Index (PQLI). This index was developed by the 
Overseas Development Council (ODC) and utilized demographic variables to develop the index, 
including infant mortality, life expectancy, and literacy. It was designed to measure the level of 
development for different countries (Overseas Development Council, 1977). However, Larson and 
Wilford (1979) proved that the PQLI may not be a proper indicator of inter-country human welfare, 
which means this index is only valid on an individual-country level. 
Factor analysis and principle component analysis (PCA) may be useful methods to combine 
multi-dimensional variables influencing the social classification as well. A Maximum Likelihood 
Factor Analysis was developed by Abizadeh and Basilevsky (1986). Twenty-one variables were 
involved to classify 64 countries. PCA was widely used to create socioeconomic index in the field of 
health study (Singh et al., 2002; Krefis et al., 2010; Meijer et al., 2013; Lalloué et al., 2013). 
Socioeconomic factors were taken as important assessment of health disparities and health 
inequalities, and PCA was found to be a useful method to aggregate those factors. Based on different 
study needs, factors at different scales were employed, involving dimensions of financial situation, 
occupation, education, ethnic groups, household size, etc. The advantage of this method is that as 
more variables are included, it better describes socioeconomic characteristics. Further, they can 
exclude the influence of the correlation between variables; however, choosing or defining factors 
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requires proper theoretical support. Moreover, PCA is very flexible and can be applied across different 
scales. 
The Economic and Social Research Council (ESRC) suggests the National Statistics 
Socioeconomic Classification (NS-SEC) be used to qualitatively describe socioeconomic class of 
individuals or nuclear families (Rose and O'Reilly, 1997; Rose and O'Reilly, 1998). This classification 
was developed from the Social Class based on Occupation (SC, formerly Registrar General’s Social 
Class) and Socioeconomic Group (SEG) (Rose et al., 2005). All three classification schemes were 
based on occupation: however, the first two were based on skill levels or concepts of 
manual/non-manual work and the NS-SEC were based on employment relations and conditions, such 
as “job security, forms of wage payment and career prospects” (Fitzpatrick & Dollamore, 1999). The 
NS-SEC combines information from three areas: occupation, employment status and the size of the 
establishment in which the person works. A derivation table was provided to match different cases 
with proper categories (Rose et al., 2005). Although this classification scheme cannot be used in 
regression or other quantitative analysis, it may help to depict the socioeconomic structure. 
Socioeconomic Status and Participation in Hunting and Fishing 
Hunting and fishing are both recreation activities. It is reasonable to assume that participation in 
these activities will also be affected by socioeconomic status. However, they are different from the 
daily physical activities in which we partake. Hunters and anglers must buy a license to legally 
participate in these activities. Therefore, these activities may be more sensitive to market conditions 
and economic environment. In addition, they cost more (time and money) than the daily physical 
exercise. All these conditions lead to unique factors which may influence hunting and fishing 
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participation. Better understanding of these factors will help to interpret possible relationships 
between hunting or fishing license sales and socioeconomic status. 
Initiation for hunting and fishing is profoundly influenced by culture and family (usually father 
or other leading male figure) (Duda et al., 1996). Therefore, this study was conducted on an aggregate 
level. Also age, gender, education and urban socialization all determine trends in hunting and fishing 
participation (Bissell et al., 1998; Duda et al., 1996). Increased age may reduce people’s interest in 
hunting/fishing (Tsachalidis & Hadjisterkotis, 2008), and gender and race are considered important 
predictors for hunting and fishing participation. Ethnic background (e.g., Hispanic, African-American) 
may limit purchase of licenses, and these ethic and racial factors are usually correlated with other 
socioeconomic factors (e.g., gender, education) (Floyd & Lee, 2002). Moreover, the public space and 
travel distances needed for hunting/fishing may constrain some participants from taking part in these 
activities (Mehmood, Zhang, & Armstrong, 2003; Tsachalidis & Hadjisterkotis, 2008). 
Conclusion 
Previous studies confirm that socioeconomic status influences the participation in recreation 
activities. As traditional recreation activities, it is reasonable to assume there would be relationships 
between hunting or fishing license sales and socioeconomic context. Considering that hunting and 
fishing participation is influenced by surrounding social context, this study scale was centered on 
census tracts, which can represent an individual community. 
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Chapter 3 Methods 
Establishing Socioeconomic Index 
As discussed in the previous chapter, socioeconomic status is a complex concept and involves 
multidimensional variables. Based on prior empirical research (Osborn & Morris, 1979; Floyd & Lee, 
2002; Singh et al., 2002; Krefis et al., 2010; Meijer et al., 2013; Lallouéet al., 2013), fourteen 
variables were considered to depict the characteristics of economic (median household income and 
poverty rate), occupation (unemployment rate), education (percentage of high school graduate or 
higher and percentage of bachelor’s degree or higher), ethnic groups (percentage of Hispanic or 
American Africans), age structure (median age, old dependency ratio and age dependency ratio) and 
household (Percentage of single mothers, household with no cars, one car, two cars and three or more 
cars) status of census tracts. All socioeconomic data were collected and reorganized from the US 
Census Bureau 2010 ACS 5-year estimates on the census tract level. Considering its flexibility in the 
choice of scale, PCA was elected to aggregate those variables and establish the socioeconomic index 
at the census tract level. Quartimax rotation was selected to produce more meaningful and 
interpretable results. Three components were extracted to represent different dimensions of the 
socioeconomic context. As there was no requirement for a single summary index, the three 
components were retained as indicators (sub-indices) of socioeconomic status. Each sub-index was 
calculated by weighted sum of all the standardized variables making up the component. Weights were 
derived from the loading of each variable and the corresponding eigenvalue. Finally, each census tract 
was assigned three sub-index scores. 
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Calculating and Mapping the Density of License Sales 
The hunting and fishing license sales data were collected from the Illinois Department of Natural 
Resources. Original records included names and addresses of every license holder in Cook County. 
The ArcGIS 10 (ESRI 2011) Geocoding tool was utilized to project all the records into maps 
(shapefiles). Each license holder appeared as a point at their address location. These maps provided a 
general impression of the spatial distribution of residence of license purchasers.  
To measure residence of license holders on the aggregated level, ArcGIS 10 (ESRI 2011) spatial 
join was applied to the shapefiles of license purchasers and boundary of census tracts. Consequently, I 
computed the count of license holders in each census tract, and the density of license sales was 
determined by dividing the number of license holders by population size within each census tract. 
Considering the difference in order of magnitude between hunting and fishing license data, the unit 
for the density of hunting license sales is number of license per 1000 people, whereas the unit for 
density of fishing license sales is number of licenses per 100 people. Both densities were mapped with 
ArcGIS 10 (ESRI 2011), and the classification method was the quantile. 
To better measure spatial correlations between license data and the indices, LISA method 
(Anselin, 1995) was used, and cluster maps were made to examine how density of license sales in a 
given census tract correlates with socioeconomic indices of surrounding census tracts. Areas with 
unexpected cases were detected as “hot spots” for further exploration. 
Establishing Regression Model 
Linear regression was applied to explore relationships between the socioeconomic indices and 
license sales. The dependent variable was the density of hunting/fishing license sales, and predictors 
were the three sub-indices. To further explore the relationship detected in linear regression, a 
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multinomial logistic regression model was employed to predict how changes in each socioeconomic 
index influenced the probability of the license sales. Density of hunting/Fishing license sales was 
classified into three groups: low, medium and high with quantile method. The dependent variable was 
the grouped density of license sales, the reference is the low license density group, and the predictors 
were the three sub-indices.  
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Chapter 4 Results 
PCA Results and Socioeconomic Indices 
The PCA provided three principle components, which accounted for 37.5%, 23.1% and 14.4% of 
the variance in the data respectively, and 75.0% of the variance totally (Table 4.1). All variables in the 
category for economic (median household income and poverty rate), occupation (unemployment rate), 
education (percentage of high school graduate or higher and percentage of bachelor’s degree or higher) 
and ethnic groups (percentage of Hispanic/Latino or African-American) as well as one variable in the 
dimension of household (percentage of single mothers) had higher factor loadings (>0.6) on the first 
component. The first component covered most of the variables and pictured the overall socioeconomic 
status of each census tract. As a result, the first component was labeled “Socioeconomic Status (SES).” 
Similarly, the remaining four variables (household with no cars, one, two, or three or more cars) in the 
category household had higher factor loadings (>0.6) on the second component, which measured the 
number of cars in each household and was labeled as “Household Mobility (HM).” The third 
component was highly loaded with all the variables in the dimension of age structure (median age, old 
dependency ratio and age dependency ratio), and automatically labeled as “Age Index (AI)”. (Table 
4.1) To verify the reliability of the indices, the standardized Cronbach’s Alpha was calculated for each 
component, and the results were 0.918, 0.845 and 0.742 respectively. 
Scores for each index were mapped (Figure 4.1). Considering that score value of the 
Socioeconomic Status and Household Mobility were negatively correlated with the actual 
socioeconomic status and household mobility, I took the opposite of the two values for maps and 
further regression analysis to make it easier to interpret. All three sub-indices were mapped with 
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ArcGIS 10 (ESRI 2011). The classification method was the quantile, and number of census tracts 
were the same in each group. 
Table 4.1 Factor loadings of various socioeconomic variables 
  1 2 3 
Percent Hispanic and African American .887   
Percent bachelor's degree or higher -.875   
Percent Female with child .825   
Unemployment Rate .773   
Median Income -.766   
Percent high school graduate or higher -.750   
Poverty Rate .720   
Household with 3 or more cars  -.878  
Household with 2 cars  -.855  
Household with no car  .749  
Household with 1 car  .664  
Old Dependency Ratio*   .949 
Median Age   .757 
Age Dependency Ratio*   .611 
 
Comparing Socioeconomic Status and Density of License Sales Spatially 
The spatial patterns of the license sales were presented in Figure 4.2 and 4.3. Comparing Figure 
4.1 and 4.3, I perceived that spatial patterns (spatial distribution of low, medium and high group) of 
hunting license sales were quite similar to the patterns of the three sub-indices. Specifically, the 
majority of census tracts in the northern and western portions of the county fell into both the high 
indices (all of Socioeconomic Status, Household Mobility and Age Index) group and the high hunting 
license sales group, whereas most in the central portion fell into both the low indices group and the 
low hunting license sales group, although patterns in the east and south part were complex and 
relative different. Similarly, the patterns of fishing license sales were similar to patterns of the 
Household Mobility and Age Index, with low groups clustering in the east and high groups clustering 
in the north central and southern parts of the county. However, there was an obvious difference 
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between the pattern of fishing license sales and Socioeconomic Status. The low groups of the 
Socioeconomic Status concentrated in the center and the high groups of it were found in the northern 
and western portions of Cook County. 
Figure 4.4 (results of LISA method for hunting license) shows that the high density of hunting 
license sales was mostly clustered with the high Socioeconomic Status, high Household Mobility and 
high Age Index (high-high pattern, red color), and low density of hunting license sales clustered with 
low indices values (low-low pattern, dark blue color). Generally speaking, the indices and density of 
hunting license sales were positively correlated with each other spatially. Figure 4.5 (results of LISA 
method for fishing license) provides a complex cluster patterns for fishing license data. Figure 4.5 (b) 
was mostly comprised of high-high pattern and low-low patterns, and we can assume the Household 
Mobility was positively correlated with the density of fishing license sales spatially. However, there 
was no regular pattern for the 4.5 (a) and (c). Although there were apparent high-high and low-low 
patterns, large areas of low-high patterns (light blue color) cannot be ignored. It is difficult to 
distinguish the spatial correlation between the fishing license sales and the Socioeconomic Status and 
Age Index. 
17 
 
 
 
Figure 4.1 Spatial distribution of the socioeconomic indices 
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Figure 4.2 Spatial distribution of the hunting and fishing license holders 
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Figure 4.3 Spatial distribution of the hunting and fishing license sales 
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(a)                         (b)                         (c) 
Figure 4.4 Spatial correlation between the density of hunting license sales and socioeconomic indices (a) correlation between density and Scioeconomic Status; (b) 
correlation between density and Household Mobility; (c) correlation between density and Age Index. 
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(a)                         (b)                         (c) 
Figure 4.5 Spatial correlation between the density of fishing license sales and socioeconomic indices (a) correlation between density and Scioeconomic Status; (b) 
correlation between density and Household Mobility; (c) correlation between density and Age Index. 
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Quantitative Relationship between Socioeconomic Status and License Sales 
Based on the linear regression estimate of the parameters (Table 4.2 and 4.3), density of hunting 
license sales is positively influenced by all the three sub-indices, whereas density of fishing license 
sales is positively influenced by Household Mobility and Age Index and negatively influenced by 
Socioeconomic Status. Generally, these findings were consistent with the pattern of the cluster maps. 
Table 4.2 Parameter estimate of linear regression for hunting license sales 
 Hunting Coefficients Std. Error t p-value R-square 
Constant 1.64  0.04  44.30  0.00  
0.48 
Socioeconomic Status 0.37  0.02  16.78  0.00  
Household Mobility 0.46  0.03  17.04  0.00  
Age Index 0.21  0.03  7.92  0.00  
 
Table 4.3 Parameter estimate of linear regression for fishing license sales 
Fishing Coefficients Std. Error t p-value R-square 
Constant 1.14  0.02  54.20  0.00  
0.22 
Socioeconomic Status -0.06  0.01  -4.72  0.00  
Household Mobility 0.25  0.02  16.30  0.00  
Age Index 0.07  0.01  4.83  0.00  
 
With the low density of license sales category as the reference, estimates of the model parameters 
are presented in Table 4.4 and 4.5. For the density of hunting license sales (Table 4.4), increase across 
all three indices will increase probability of high license density. For the density of fishing license 
sales (Table 4.5), increase in the Household Mobility and Age Index will increase probability of high 
density of license sales, whereas the increase of Socioeconomic Status will decrease probability of 
high density of license sales. Decrease in Socioeconomic Status will increase probability of medium 
density of license sales. 
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Table 4.4 Parameter estimate of multinomial logistic regression for hunting license sales. 
Hunting Coefficients Std. Error Wald p-value 
Medium 
Intercept 0.608 0.095 41.303 0.000 
SES 0.650 0.052 157.031 0.000 
HM 0.233 0.063 13.845 0.000 
AI 0.114 0.060 3.631 0.057 
High 
Intercept -0.171 0.118 2.102 0.147 
SES 1.224 0.078 248.405 0.000 
HM 0.987 0.081 148.643 0.000 
AI 0.363 0.072 25.599 0.000 
 
Table 4.5 Parameter estimate of multinomial logistic regression for fishing license sales 
Fishing Coefficients Std. Error Wald p-value 
Medium 
Intercept 0.293 0.085 11.827 0.001 
SES -0.405 0.047 73.565 0.000 
HM 0.841 0.068 153.468 0.000 
AI 0.221 0.057 15.292 0.000 
High 
Intercept 0.145 0.089 2.638 0.104 
SES -0.215 0.051 17.462 0.000 
HM 1.092 0.073 226.037 0.000 
AI 0.287 0.059 23.539 0.000 
 
Table 4.6 Predictions of the linear regression for hunting license sales 
Observed 
Predicted 
Low Medium High Percent Correct 
Low 207 184 47 0.47 
Medium  47 254 137 0.58 
High 3 46 389 0.89 
Overall Percentage 0.2 0.37 0.44 0.65 
Table 4.6-4.9 compare the observed and predicted license density of different models, which are 
mapped in Figure 4.6-4.9. The overall correct percentages for hunting and fishing density in linear 
model are 0.65 and 0.49 respectively, whereas in multinomial logistic model, the percentages are 0.68 and 
0.61 respectively. 
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Table 4.7 Predictions of the linear regression for fishing license sales 
Observed 
Predicted 
Low Medium High Percent Correct 
Low 148 241 49 0.34 
Medium  26 218 194 0.50 
High 7 147 284 0.65 
Overall Percentage 0.14 0.46 0.40 0.49 
 
Table 4.8 Predictions of the multinomial logistic regression for hunting license sales 
Observed 
Predicted 
Low Medium High Percent Correct 
Low 319 93 26 0.73 
Medium  121 228 89 0.52 
High 12 77 349 0.8 
overall Percentage 0.34 0.3 0.35 0.68 
 
Table 4.9 Predictions of the multinomial logistic regression for fishing license sales 
Observed 
Predicted 
Low Medium High Percent Correct 
Low 299 93 46 0.68 
Medium  105 201 132 0.46 
High 60 82 296 0.68 
Overall Percentage 0.35 0.29 0.36 0.61 
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Figure 4.6 Predictions of the linear regression for hunting license sales 
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Figure 4.7 Predictions of the linear regression for fishing license sales 
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Figure 4.8 Predictions of the multinomial logistic regression for hunting license sales 
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Figure 4.9 Predictions of the multinomial logistic regression for fishing license sales
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Figure 4.10 provides the graphics and the values of Moran’s I for the residuals of each model. 
Moran’s I demonstrated a clear spatial autocorrelation within the residuals of multinomial logistic 
regression model (large Moran’s I value and obvious linear correlation with the lagged residual). It 
indicates the model failed to explain some spatial factors, which also influenced density of license 
sales. For the linear regression model, there was rare spatial autocorrelation within the residuals.  
 
Figure 4.10 Moran’s I for residuals of different regression model: (a) residuals of linear regression for 
hunting; (b) residuals of linear regression for fishing; (c) residuals of multinomial logistic regression for 
hunting; (d) residuals of multinomial logistic regression for fishing; 
 
Hot Spots Detection in Clusters 
Combined with the regression results, areas with special patterns (unexpected cases) can be 
detected from the cluster maps (Figure 4.11). For the cluster maps of hunting license sales and 
socioeconomic indices different patterns (e.g. low-high) appear locally although there are general 
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positive spatial correlation (consistent with the regression results). For example, areas in the yellow 
ellipse or green circle in Figure 4.11 present a local low-high pattern, which is different from the 
expected regression model results.
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 (a)                         (b)                         (c) 
Figure 4.11 Example of hot spots for density of hunting license sales  (a) correlation between density and Scioeconomic Status; (b) correlation between density and 
Household Mobility; (c) correlation between density and Age Index
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Chapter 5 Discussion  
Model Comparison 
For density of hunting license sales, multinomial logistic regression provided similar result to the 
linear regression; i.e. density of hunting license sales was positively influenced by these indices. 
However, compared with the linear model, the logistic model of fishing license sales produced a 
difference conclusion. Influence of Socioeconomic Status on fishing license sales was very complex 
and the relationship is not monotonic. The other two indices positively influenced fishing license sales. 
Specifically, Household Mobility and Age Index positively influenced hunting and fishing license 
sales in both models. The two models also reached an agreement on the positive correlation between 
Socioeconomic Status and hunting license sales. Results differed in the relationship between 
Socioeconomic Status and fishing license sales. Although both models suggested that increased 
Socioeconomic Status would reduce fishing license sales, the linear model assumed groups with 
lowest Socioeconomic Status would have the highest probability to purchase fishing license 
(monotonic relationship), whereas the multinomial logistic regression model assigned people with 
lowest Socioeconomic Status into the group with medium probability to purchase license 
(non-monotonic relationship).  
In order to select the better model, the two models were assessed by predication accuracy (Table 
4.6-4.9) and characteristics of residuals (Figure 4.10). In both models, the prediction accuracy is 
higher for hunting density than fishing. However, the multinomial logistic regression model provided 
more accurate prediction than linear regression model, particularly for fishing license data. Prediction 
accuracy of the linear regression model increased with increased density of license sales, and thus the 
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high density of license sales group received the best predictions. The multinomial logistic regression 
model provided good predictions for both the low density of license sales and high density groups. 
The relatively poor performance in the medium density group may have been caused by classification: 
records in the medium density of license sales group have values close to records in both the low and 
the high group. Compared to the other two groups, which have values close to only one group, 
observations in the medium groups are more likely to be predicted with less accuracy. Comparing 
spatial patterns of the observed and predicted density of license sales (Figure 4.6-4.9), it is apparent 
that spatial patterns generated by multinomial logistic regression models are more similar to the 
original observed density of license sales patterns. However, from the view of residuals, the linear 
regression model (smaller Moran’s I) was more properly defined than the multinomial logistic 
regression model. 
To conclude, multinomial logistic regression generated better predications, but the linear 
regression was more statistically correct. One possible way to improve the logistic regression model is 
to use a logistic mixed model and a geographically weighted logistic model (Wu & Zhang, 2013). 
Both models add spatial factors to the model, which may exclude the spatial autocorrelation of the 
residuals. The model with the smallest spatial autocorrelation and heterogeneity in the residuals fits 
the dataset best. Moreover, data over different time periods will also help to further verify the model 
by comparing the predicted density of license sales and original observed one in a dataset not used to 
construct the model. 
Hot Spots  
Reasons for hot spots may vary from place to place. One explanation may be that the influence 
of other indices overtop the focused one. For the area in yellow ellipse, it is likely that Household 
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Mobility is very low in this area, which limits people’s accessibility to hunting resources. Although 
Socioeconomic Status is high, there is still a low density of hunting license sales in the area. Surveys 
and interviews are required to verify this hypothesis, but cluster maps like this can help to locate the 
“hot spots” and provide reasonable hypotheses to guide future studies.  
Another explanation is that hot spots may be influenced by unknown reasons. For the area in 
green circle, a local low-high pattern is presented in all three cluster maps (different from the 
regression results). It seems there were certain other factors covering the influence of all three indices. 
Discovering these unknown factors may help to improve the sales of licenses. 
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Summary 
 This study examined relationships between the socioeconomic factors and both hunting and 
fishing license sales on an aggregated level. PCA was utilized to combine socioeconomic factors in 
different dimensions and construct an index system with three sub-indices. License sales data were 
geocoded with ArcGIS 10 (ESRI 2011) to obtain their spatial distribution. Spatial analysis and 
regression models were applied to the socioeconomic indices and license sales data, and some spatial 
and statistical correlations were detected. Results suggest that hunting and fishing license sales are 
influenced by surrounding socioeconomic context. Specifically, all of the three indices 
(Socioeconomic Status, Household Mobility and Age index) were positively correlated with hunting 
license sales, whereas fishing license sales were only positively correlated with Household Mobility 
and Age index, but negatively correlated with Socioeconomic Status. Compared the spatial cluster 
maps with the regression results, hot spots with unexpected spatial pattern were detected, and 
hypotheses were proposed to explain the phenomena. Further studies on the aggregated communities 
are necessary to 1) deeply explore mechanisms of the influence; 2) develop case studies of hot spot 
areas to test the hypotheses and develop the potential for license purchase; 3) develop better 
regression models to solve the spatial correlations between the model residuals; 4) collect more data 
to verify the regression models. 
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